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© Active matrix display device. 

© An active matrix liquid crystal display device 
comprises pixels (LP) pom posed of a liquid crystal 
arranged in a matrix and transistors (Tr) for driving 
the pixels. In a selected period of time, gate pulses 
(GP) are applied to a gate electrode (G) of each 
transistor (Tr) for writing video signals in each pixel. 
Subsequently, in a non-selected period of time, the 
applying of the gate pulses (GB) is stopped for 
holding the written video signals. In a transition from 
the selected period of time to the non-selected pe- 



riod of time, the voltage shift of the video signals can 
be suppressed by shaping of a fall of the gate 
pulses smoothly. In place of the above method, the 
voltage shift of the video signals can be also sup- 
pressed by shaping a fall of the gate pulses through 
dropping the gate pulses after lowering the voltage 
level of the gate pulses in a specified value once 
directly before the transition from the selected pe- 
riod of time to the non-selected period of time. 
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BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

The present invention relates to a an active 
matrix display device, and particularly to an active 
matrix liquid crystal display device including means 
for applying gate pulses to transistors connected to 
pixels composed of a liquid crystal. 

2. Description of the Related Art 

The general construction of a prior art active 
matrix liquid crystal display device will be briefly 
described with reference to Fig. 5. Fig. 5 is a 
typical equivalent circuit diagram showing an area 
including one pixel. Each pixel is provided at an 
intersection between a gate line X and a signal line 
Y. The pixel composed of a liquid crystal is equiv- 
alents indicated at a liquid crystal capacitance Clc. 
In general, the liquid crystal capacitance Clc is 
connected in parallel to an auxiliary capacitor C s - In 
the liquid crystal capacitance Clc. one end is con- 
nected to a driver transistor Tr and the other end is 
connected to an opposed electrode, from which a 
specified reference voltage Vcom is applied. The 
transistor Tr comprises an MISFET type film tran- 
sistor. A drain electrode D of the transistor Tr is 
connected to a signal line Y to receive video sig- 
nals Vsig. A source electrode S is connected to 
one end of the liquid crystal capacitance C LC , that 
is, the pixel electrode. A gate electrode G is con- 
nected to the gate line X, and is applied with gate 
pulses having a specified gate voltage Vgate. A 
coupling capacitance Cgs is formed between the 
liquid crystal capacitance C LC and the gate elec- 
trode G. The coupling capacitance C G s is a com- 
bination of a floating capacitance component be- 
tween the pixel electrode and the gate line X, and a 
parasitic capacitance component between the 
source area and a gate area within the transistor' 
Tr. In the coupling capacitance C G s. the latter para- 
sitic capacitance component is predominant, and 
which tends to be varied depending on each tran- 
sistor Tr. 

Next, the problem to be solved by the present 
invention will be briefly described with reference to 
Fig. 6. When a gate pulse with a voltage Vgate is 
applied to a gate electrode G in a selected period 
of time, the transistor Tr becomes in the on-state. 
At this time, video signals Vsig supplied from the 
signal line Y is written on the pixel made of a liquid 
crystal, that is, the so-called sampling is carried 
out. Then, in a non-selected period of time, the 
applying of the gate pulses is stopped, and the 
written video signals are held in the liquid crystal 
capacitance C L c- At a transition from the selected 
period of time to the non-setected period of time, 



the rectangular gate pulse is shaped into a rapid 
fall from a high level to a low level. At this time, the 
charge stored in the liquid crystal capacitance Clc 
by means of the coupling through the above<Je- 

5 scribed coupling capacitance C GS is instantaneous- 
ly discharged, thus causing a voltage shift AV in 
the video signals Vsig written in the pixel. Since the 
coupling capacitance Cgs is varied depending on 
each pixel, the voltage shift AV is varied. Tnis 

w brings a disadvantage of generating the so-called 
rough-feeling on the display screen, resulting in the 
significant deterioration of the display quality. 

In each pixel composed of a liquid crystal, 
video signals are written in a selected period of 

75 time, and the written video signals are held in the 
subsequent non-selected period of time, to thus 
constitute one field. The transmissivity of the pixel 
in one field is dependent on the effective voltage 
applied to the liquid crystal in the one field. The 

20 driver transistor is required to secure the on-current 
necessary for completing the writing within the 
selected period of time. Also, in order to obtain the 
effective voltage enough to lighten the pixel during 
the one field, the leak current in the non-selected 

25 period of time, that is, the holding period of time is 
reduced as small as possible. The effective voltage 
is largely affected in the non-selected period of 
time which is very longer than the selected period 
of time. Accordingly, the above-described voltage 

30 shift AV generated in the on-state after charging of 
the liquid crystal capacitance Clc is greatly af- 
fected by the effective voltage applied to the liquid 
crystal, thereby damaging the display quality. 

Conventionally, for suppressing the absolute 

35 amount and the variation of the voltage shift AV, 
there has been proposed a technique wherein an 
auxiliary capacitor C s connected in parallel to the 
liquid crystal capacitance Clc is formed more 
largely. Namely, the technique is intended to pre- 

40 viously store the charge enough to supplement the 
charge amount discharged through the coupling 
capacitance C G s in the auxiliary capacitor Cs- How- 
ever, since the auxiliary capacitor C s is formed in 
the pixel area, there arises such a disadvantage 

45 that, if the dimension thereof is set to be larger, the 
opening ratio of the pixel is sacrificed, which 
makes it impossible to obtain the sufficient display 
contrast. 

50 SUMMARY OF THE INVENTION 

Accordingly, an object of the present invention 
is to suppress the voltage shift of the video signals 
caused by the coupling capacitance between the 
55 gate electrode and the source electrode without 
sacrificing the aperture ratio of the pixel. The above 
object is accomplished by improving the applying 
of the gate pulses. 
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In accordance with the present invention, there 
is provided an active matrix display device com- 
prising a plurality of display elements arranged in a 
matrix, each of which comprises a transistor for 
driving a pixel, means for providing gate pulses 
sequentially to the gate electrode during a selected 
period of time to apply video signals to each pixel, 
means for stopping the gate applied during a non- 
selected period of time to hold the applied video 
signals, and means for suppressing a voltage shift 
of the applied video signals. 

In a preferred embodiment, the suppressing 
means comprises means for shaping a fall of the 
gate pulses smoothly. 

In an another preferred embodiment, the sup- 
pressing means comprises means for shaping a fall 
of the gate pulses into a step-wise shape. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The above and other objects, features and ad- 
vantages of the present invention will be apparent 
from the following detailed description of the pre- 
ferred embodiments of the invention in conjunction 
with the accompanying drawings, in which: 

Fig. 1 is a typical view showing a method for 
driving an active matrix liquid crystal display 
device according to the present invention; 
Fig. 2 is a circuit diagram showing a construc- 
tion example for carrying out the driving method 
according to the present invention; 
Fig. 3 is a circuit diagram showing another con- 
struction example for carrying out the driving 
method according to the present invention; 
Fig. 4 is a timing chart for explaining the action 
of the circuit as shown in Fig. 3; 
Fig. 5 is an equivalent circuit diagram showing a 
prior art active matrix liquid crystal display de- 
vice; and 

Fig. 6 is a typical view for explaining the prob- 
lem of the prior art method of driving an active 
matrix liquid crystal display device. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Hereinafter, the preferred embodiments of the 
present invention will be described in detail with 
reference to the accompanying drawings. 

Hereinafter, the above means will be described 
with reference to Fig. 1. Two means are provided 
for achieving the same object. A first means as 
shown in Fig. 1A is constructed as follows: Namely, 
there is provided an active matrix liquid crystal 
display device comprising pixels composed of liq- 
uid crystal arranged in a matrix and transistors for 
driving the pixels, wherein gate pulses GP are 
applied to a gate electrode of each transistor dur- 



ing a selected period of time for writing video 
signals Vsig to each pixel, and the applying of the 
gate pulses GP is stopped in a non-selected period 
of time for holding the written video signals Vsig, 

5 thereby performing the video display. In the above 
device, a voltage shift AV of the written video 
signals Vsig is suppressed by shaping a fall of the 
gate pulses GP smoothly in a transition from the 
selected period of time to the non-selected period 

70 of time. 

In the active matrix liquid crystal display de- 
vice, for prolonging the service life of the liquid 
crystal, the A.C. drive is carried out for inverting 
the polarity of the video signals Vsig for each field. 

15 In Fig. 1 , in a first field, the video signals Vsig with 
the positive polarity are written in the pixel for a 
specified reference voltage Vcom applied to the 
opposed electrode. On the contrary, in a second 
field, the video signals Vsig with the negative polar- 

20 ity are written. At a certain gate line, in the first 
field, the gate pulses GP with a specified gate 
voltage Vgate are applied to the gate electrode of 
tee transistor in the selected period of time. The 
fall of the gate pulses GP is shaped to be smooth. 

25 Accordingly, as compared with the conventional 
manner in which the fall of the gate pulses GP is 
shaped to be rapid, the voltage shift AV is made 
smaller, which makes it possible to hold it at the 
specified level in the non-selected period of time. 

30 In the second field, similarly, the fall of the gate 
pulses GP are shaped to be smooth, so that it is 
possible to suppress the voltage shift AV. In addi- 
tion, differently from the fall of the gate pulses GP, 
even if the rise of the gate pulses GP is shaped to 

35 be rapid, the video quality is not affected by the 
rapid rise of the gate pulses GP. 

In the means as shown in Fig. 1B, the voltage 
shift AV of the written video signals Vsig is sup- 
pressed by shaping a fall of the gate pulses 

40 through dropping the gate pulses after lowering the 
voltage level Vgate 1 of the gate pulses GP to be 
the value of Vgate2 once directly before a transi- 
tion from the selected period of time to the non- 
selected period of time. In addition, the timing for 

45 lowering the voltage level of the gate pulses GP is 
set not to exert an effect on the writting action to 
the pixel in the selected period of time. Namely, at 
the time when the writing is completed, the gate 
voltage Vgatel is lowered to be the value of 

so Vgate2. The second means is particularly effective 
to hold the writing and holding of the video signals 
with the negative polarity. For example, in the 
second field, there is generated a large potential 
difference between the gate voltage Vgatel and the 

55 video signals Vsig. By dropping the gate pulses 
after lowering the gate voltage Vgatel to the value 
of Vgate2 once, it is possible to make small the 
potential difference between the gate line and the 
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source electrode at the transition from the selected 
period of time to the non-selected period of time. 
This makes it possible to effectively suppress the 
voltage shift AV. 

Hereinafter, the function of the present inven- 
tion will be described. 

As described above with reference to Fig. 5, 
the voltage shift AV of the video signals is made 
larger in proportion to the coupling capacitor Cqs 
between the gate electrode and the source elec- 
trode. On the contrary, the voltage shift AV is 
made smaller as the liquid crystal capacitance Clc 
and the auxiliary capacitor Cs are made larger. 
Further, it is made larger in proportion to the poten- 
tial difference Vqs between the gate electrode and 
the source electrode. The potential difference Vqs 
corresponds to the potential difference between the 
gate voltage Vgate and the written video signals 
Vsig at the transition from the selected period of 
time to the non-selected period of time. The above- 
described relationships are expressed by the fol- 
lowing equation: 

AV = C^Clc + Cgs + Cs) x Vqs 

Incidentally, the impedance of the coupling capaci- 
tance Cqs is dependent on the frequency, and 
tends to easily pass higher frequency components. 
Consequently, in the first means as shown in Fig. 
1A, the high frequency components are eliminated 
by shaping the fall of the gate pulses smoothly, 
thus suppressing the voltage shift caused by the 
coupling through the coupling capacitance. 

As is apparent from the above equation, it is 
possible to suppress the voltage shift AV by reduc- 
ing the potential difference Vqs between the gate 
electrode and the source electrode. Accordingly, in 
the second means as shown in Fig. 1 B, the voltage 
shift AV is suppressed by shaping a fall of the gate 
pulses by through dropping the gate pulses directly 
after lowering the gate voltage once for reducing 
the Vqs. 

Fig. 2 is a construction example of a circuit for 
carrying out a first driving method according to the 
present invention. An active matrix liquid crystal 
display device has a display section comprising 
pixels LP composed of a liquid crystal arranged in 
a matrix, and transistors Tr for driving the pixels. In 
this figure, the pixels in one row are shown. A 
vertical scanning circuit 1 is connected to gate 
electrodes G of respective transistors Tr through 
gate lines X1, X2, X3, X4, Gate pulses are 
applied in a linear sequence for performing the 
selection of the transistors Tr. A horizontal driver 
circuit 2 is connected to drain electrodes of respec- 
tive transistors Tr through a signal line Ym for 
writing video signals Vsig in each pixel LP through 
the selected transistor Tr. 



The vertical scanning circuit 1 is constituted of 
a shift resistor 3. The shift resistor 3 has a struc- 
ture in which D type flip-flops 4 are connected to 
each other in multi-steps. Each of the D type flip- 

5 flops 4 is constituted of a pair of inverters 5 and 6 
which have the common output terminal. Each in- 
verter is connected to the side of a power supply 
WDD through a p-type driver transistor 7, and is 
connected to the side of a ground through a n-type 

w driver transistor 8. The paired driver transistors 7 
and 8 become in the on-state in response to shift 
clock pulses Vck1 and Vck2 and the inversion 
pulses thereof for driving the inverters. The invert- 
ers 5 and 6 thus driven are called as the clock 

1$ inverters. An input terminal of a third inverter 9 is 
connected to the output terminal to which the 
paired inverters 5 and 6 are commonly connected. 
The output pulse of the D type flip-flop in each 
step is transmitted to the output terminal of the 

20 third inverter 9. The output pulse is used as the 
input of the flip-flop in the next step. By inputting a 
starting signal VST to the D type flip-flop in the first 
step, the shift register 3 outputs an output pulse in 
which the phase is sequentially shifted by a half 

25 period for each step. The output pulse in the 
present step and the output pulse in the previous 
step are subjected to the logical operation by an 
AND gate device 10 and then inverted by the 
inverter 1 1 , to thus obtain a gate pulse GP. 

30 In this embodiment, the output inverter 1 1 has 
an asymmetric structure. Namely, in the output 
inverter 11, an n-type transistor 12 is set to be 
smaller than a p-type transistor 13 in the ratio W/L 
between the channel width W and the channel 

35 length L. In other words, the current capacity of the 
n-type transistor 12 is smaller than that of the p- 
type transistor 13. In a rise of the gate pulses GP 
from a low level to a high level, the p-type transis- 
tor 13 becomes in the on-state so that the rise of 

40 the gate pulses GP is shaped to be rapid. On the 
other hand, in a fall of fhe gate pulses GP, the n- 
type transistor 12 becomes in the on-state; how- 
ever, since the current capacity thereof is smaller, 
the fall of the gate pulses is shaped to be smooth. 

45 Accordingly, the vertical scanning circuit 1 includes 
means for suppressing the voltage shift of the 
video signals Vsig written in the pixel LP by shap- 
ing the fall of the gate pulses GP smoothly. 

Fig. 3 is a circuit construction for carrying out a 

so second driving method according to the present 
invention, which is similar to the above-described 
circuit construction as shown in Fig. 2. In addition, 
parts corresponding to those in Fig. 2 are indicated 
at the same reference numerals or characters. The 

55 difference lies in that a p-type driver transistor 7 of 
each D type flip-flop 4 is not directly connected to 
a power supply WDD but connected to a central 
point between a pair of potential dividing resis- 
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tances R1 and R2 connected in series to each 
other. In the potential dividing resistances R1 and 
R2, one end is connected to the power supply 
WDD and the other end is connected to the side 
of the ground through a switching transistor 14. A 
gate electrode of the switching transistor 14 is 
periodically applied with a control voltage VCKX. 
When the switching transistor 14 is in the off-state, 
the supply voltage is supplied to a shift register 3 
as it is, and the voltage level of each gate pulse 
GP is equal to the supply voltage. On the other 
hand, when the switching transistor 14 is in the on- 
state, the voltage divided with the ratio R1/R2 is 
supplied to the shift register 3, and thereby the 
voltage level of the gate pulse GP is reduced. 

According to this embodiment, in the whole 
construction of a vertical scanning circuit 1, a por- 
tion of a gate driver comprising a shift register 3, 
AND gate circuits 10, and inverters 11 is formed 
within a substrate of the active matrix liquid crystal 
display device. On the other hand, the power sup- 
ply circuit for supplying the supply voltage to the 
shift register 3, and a clock driver for supplying 
clock pulses Vck1 and Vck2 and the like are pro- 
vided outside the substrate of the active matrix 
liquid crystal display device. In addition, the switch- 
ing transistor 14 for switching the supply voltage 
and the potential dividing resistances R1 and R2 
are formed within the substrate. However, the 
present invention is not limited to the above con- 
struction. The supply voltage from the power sup- 
ply circuit connected to the outside may be pe- 
riodically switched. 

Next, the action of the circuit as shown in Fig. 
4 will be described in detail with reference to Fig. 
4. A control voltage VCKX applied to a gate elec- 
trode of a switching transistor 14 is changed in 
level so as to be pulsed in response to the horizon- 
tal synchronized signal. In this embodiment, the 
horizontal period is set at 63. 5us, which is equiv- 
alent to the selected period of time for one gate 
line. The control voltage VCKX is changed to be in 
high level during the final portion of each horizontal 
period, that is, from 6 to 8us. This period of time is 
set not to exert an effect on the writting action of 
the video signals in the selected period of time. 
Namely, at the time when the video signals are 
written in a point sequence on the selected pixel of 
the gate line, the control voltage VCKX is selected 
to be in the high level. As the control voltage VCKX 
becomes the high level, the switching transistor 14 
is in the on-state, so that the level of the supply 
voltage supplied to the shift register 3 is reduced, 
for example, from the WDD set at 13.5V to the 
about 8.5V. The reduction amount is set by suit- 
ably determining the ratio of the paired potential 
dividing resistances R1 and R2. 



According to a variation in the supply voltage, 
for example, the n-th gate pulse GP (n) is changed 
in level step-wisely from 13.5V to 8.5V within one 
horizontal period. The gate pulse GP (n + 1) cor- 

5 responding to the (n + 1)-th gate line is generated 
within the next horizontal period, and which is 
changed in level step-wisely. During this period of 
time, in the video signals Vsig, the polarity is 
alternately inverted for the potential Vcom of the 

w opposed electrode for each horizontal period. The 
so-called IH-inversion drive is carried out. By such 
an action, the vertical scanning circuit can sup- 
press the voltage shift of the video signals Vsig 
written in each pixel by shaping a fall of the gate 

is pulses GP through dropping the gate pulses after 
lowering the voltage level of the gate pulses GP 
once directly before stopping the applying of the 
gate pulses GP. 

As described above, it is possible to suppress 

20 the voltage shift of the video signals by shaping a 
fall of the gate pulses smoothly or step-wisely. The 
shaping of the gate pulses can be achieved by 
contriving the construction of the vertical scanning 
circuit. In this case, the modification may be added 

25 to the circuit portion formed within the substrate of 
the active matrix liquid crystal display device, or 
the portion of the external circuit may be adjusted. 
However, in the case that the shaping of the gate 
pulses is carried out in the portion of the external 

30 circuit, the smooth shaping of a fall of the gate 
pulses is more simplified in terms of the circuit and 
is more preferable in the controllability as com- 
pared with the step-wise shaping thereof. 

The present invention has the following effects: 

35 Namely, it is possible to suppress the voltage shift 
of the video signals by shaping of the gate pulses, 
and hence to reduce the rough-feeling on the video 
screen, resulting in the improvement of the display 
quality. Also, in the case of performing the shaping 

40 of the gate pulses in the external circuit, it is 
possible ho eliminate the necessity of selecting the 
defective in the rough-feeling as the signal product 
of the active matrix liquid crystal display device, 
and hence to significantly improve the production 

45 yield. Further, since the voltage shift can be sup- 
pressed by the shaping of the gate pulses, it is 
possible to eliminating the necessity of making 
larger the auxiliary capacitor, which makes it possi- 
ble to improve the display contrast without sacrific- 

50 ing the aperture ratio of each pixel. 

Claims 

1. An active matrix display device comprising: 
55 a plurality of display elements arranged in 

a matrix, each of which display elements com- 
prising a pixel which comprises opposed elec- 
trodes with electro-optical material there- 
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between, and a transistor for driving the pixel 
and having a gate electrode; 

means for providing gate pulses sequen- 
tially to the gate electrode during a selected 
period of time to apply video signals to each 
pixel; 

means for stopping the applying of the 
gate pulses during a non-selected period of 
time to hold the applied video signals; and 

means for suppressing a voltage shift of 
the applied video signals. 



pulses smoothly. 

10. A liquid crystal display device as claimed in 
claim 8, wherein said suppressing means com- 

5 prises means for shaping a fall of the gate 

pulses into a step-wise shape. 

11. A liquid crystal display device as claimed in 
claim 10, wherein said step-wise shape is 

10 formed by dropping the gate pulses after 

lowering a voltage level of the pulses just 
before a transition from the selected period to 
the non-selected period of time. 



2. An active matrix display device as claimed in 
claim 1 , wherein said suppressing means com- 
prises means for shaping a fall of the gate is 
pulses smoothly. 

3. An active matrix display device as claimed in 
claim 2, wherein said gate pulse has a round- 
ing at the falling edge. 20 

4. An active matrix display device as claimed in 
claim 1 , wherein said suppressing means com- 
prises means for shaping a fall of the gate 
pulses into a step-wise shape. 25 

5. An active matrix display device as claimed in 
claim 4, wherein said step-wise shape is 
formed by dropping the gate pulses after 
lowering a voltage level of the pulses just 30 
before a transistor from the selected period to 

the non-selected period of time. 

6. An active matrix display device as claimed in 
claim 1, wherein said electro-optical material 35 
comprises a liquid crystal. 

7. An active matrix display device as claimed in 
claim 1, wherein said pixel has an auxiliary 
capacitor connected in parallel to a capaci- 40 
tance of the electro-optical material. ' 

8. A liquid crystal display device comprising: 

a plurality of display elements arranged in 
a matrix, each display element comprising a 45 
pixel and a switching transistor associated with 
the pixel; 

a horizontal driver circuit for applying vid- 
eo signals to each pixel; 

a vertical driver circuit for providing gate so 
pulses sequentially to a gate electrode of the 
transistor and having means for suppressing a 
voltage shift of the video signals applied to the 
pixel. 

55 

9. A liquid crystal display device as claimed in 
claim 8, wherein said suppressing means com- 
prises means for shaping a fall of the gate 
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